Introduction:

Throughout the answer to the bonus I have used certain notation. Since there are three people in the question A, B and C and they may either shoot or miss, I have used the following syntax:

PnQ

Where P is the person shooting, Q is the person being shot at and n is either s or m inticating shoot or miss.

Eg. AsB – A shoots B (A kills B)

      BmC – B misses C

Hence the values for each of these are as follows:

AsB = 0.25

AmB = 0.75 

BsC = 0.45

BmC = 0.55

CsA = 0.75

CmA = 0.25
Probability for A winning:

There are two possible scenarios:

1) B dies first

2) C dies first

Note: For each scenario, before anyone dies, each person can miss and they can go on and on until someone hits, either B or C if A is to win. So for each scenario’s probability, the probability of (AmB x BmC x CmA) must be included. 

Scenario 1 – B dies first:

Once A kills B, only C and A are left. They two can then keep on missing each other until one hits another. For example the first 4 sub-scenarios where A wins are:

1) AsB x CmA x AsC

2) AsB x CmA x AmC x CmA x AsC

3) AsB x (CmA x AmC)2 x CmA x AsC

4) AsB x (CmA x AmC)3 x CmA x AsC

and so on. This series will go in indefinitely. We can observe that this series is a diverging Geometric Series. Hence we can calculate the sum to infinity of this series.
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In this series, a = AsB x CmA x AsC and r = CmA x AmC

[image: image2.wmf]

 EMBED Equation.3  [image: image3.wmf]52

1

75

.

0

25

.

0

1

25

.

0

1

3

=

´

-

=

´

-

´

´

=

\

å

¥

AmC

CmA

AsC

CmA

AsB


Now we have to take into consideration the initial “loop” which may take place before the scenario we are dealing with. Since this loop may occur an infinite number of times as well, the probabilities will become another diverging Geometric Series. To further clarify here are the first three probabilities:

1) (AmB x BmC x CmA) x 1/52

2) (AmB x BmC x CmA)2 x 1/52

3) (AmB x BmC x CmA)3 x 1/52

Hence, we can now find the sum to infinity of this series where a=1/52 and r = (AmB x BmC x CmA)
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Scenario 2 – C dies first:

First Geometric Series (without initial “loop”) :

AmB x BsC x (AmB x BmA)n  x AsB
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After including initial loop,
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Total Probability of A winning is hence the sum of the probabilities of scenario 1 and 2:

80/3731 + 0.1601 = 0.181542 = 18.2% (3 s.f.)

Probability of B winning:

There are once again two scenarios:

1) C dies first

2) A dies first

Scenario 1 – C dies first:
First Geometric Series (without initial “loop”) :

AmB x BsC x (AmB x BmA)n x (AmB x BsA)
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After including initial loop,
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Scenario 2 – A dies first:

First Geometric Series (without initial “loop”) :

AmB x BmC x CsA x (BmC x CmB)n x BsC
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After including initial loop,
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The Total Probability of B winning is hence:

0.2381 + 0.26422 = 0.50232 = 50.2% (3.s.f.)

Probability of C winning:

Here also there are two possible scenarios

3) A dies first

4) B dies first

Scenario 1 – A dies first:
First Geometric Series (without initial “loop”) :

AmB x BmC x CsA (BmC x CmB)n x BmC x CsB)
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After including initial loop,
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Scenario 2 – B dies first:

First Geometric Series (without initial “loop”) :

AsB x(CmA x AmC)n x CsA
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After including initial loop,
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The Total Probability of C winning is hence:

0.16497 + 0.2573 = 0.42227 = 42.2% (3.s.f.)

Conclusion:

The probability of A winning is: 18.2%

The probability of B winning is: 50.2%

The probability of C winning is: 42.2%
Therefore B is most likely to win
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